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 An effort to evaluate the Royal Center Storage Field was initiated to determine the
feasibility of utilizing horizontal well technology to improve the ratio of working gas to
base gas and improve deliverability. The geophysical survey and interpretation was initiated
by GRI and the geological modeling and reservoir analysis is being accomplished through a
Cooperative Research And Development Agreement (CRADA) between Northern Indiana
Power Supply Company and U.S. DOE Federal EnergyTechnology Center.

 An integrated analysis of well logs, core data, and seismic survey data was applied to the
Royal Center Storage Field in the Trenton Limestone aquifer. The field is a structural
closure that strikes northeast with a parallel fault on the southeast boundary. The porosity
appears to be a combination of dolomitization and fracturing in the structural high of the
asymmetric anticline. Core permeability data was compared to Epilog calculated porosity
and gas saturations. The data shows very complex relationships exist when compared in
three dimensions.

 A correlation of seismic amplitude anomalies with the porosity and gas saturation on cross
sections was also used to evaluate potential well sites. A downhole seismic survey was then
run to determine if the amplitude anomalies from the surface seismic survey could be
detected and their orientations calculated to assist in designing the horizontal well. The
integrated results from all of the studies were used to site a horizontal well in the northern
portion of the field.
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Goals:

 Original plans were to use 2-D and swath seismic techniques to determine if
cushion gas occured in the western limits of the aquifer storage structure and if it
was associated with fractures.

 Determine fracture orientations using 3-D geologic modeling and well log
analysis.

 Integrate all of the data to determine the best location for a horizontal well to
access the cushion gas in the western portion of the reservoir and increase the
working gas ratio.
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Partners:

 NIPSCO provided information on all of the well data on the Royal Center Gas
Storage Field in north central Indiana and drilled a horizontal well as a result of
the integration of the data from the other partners.

 DOE provided 3-D geologic modeling, modified VSP in offset wells and
integration of the well and geologic data to determine if correlations existed to
define fractures in the reservoir. Reservoir modeling was also applied and
supported the interpretation that the reservoir was complex.

 Gas Research Institute provided cofunding to obtain seismic data across the field
to determine if 2-D seismic methods could be used to detect fracturing in the
Trenton Limestone reservoir.

 Polaris Energy was subcontracted to obtain the seismic data and provide the
interpretation of amplitude anomalies with respect to the well log data and
geologic interpretations.



METC User
Structure Map -- Top of Trenton Limestone, Royal Center Gas Field



METC User
3-D Distribution of Gas Saturation from Well Logs, Looking to the Southeast



METC User
Seismic Amplitude Anomaly Map of the Trenton Limestone



STRUCTURAL CROSS-SECT ION: EQUA L SPA CE

Datum = Sea L evel   Domain = Depth

Scale = 1:2000  V ertical Exaggeration = 11.11X

O-46-T S-160 S-51-T S-57-T S-78-T S-82-T

A A’

-150.

-160.

-170.

-180.

-190.

-200.

-210.

-220.

-230.

-240.

-250.

-260.

-270.

-280.

-290.

-300.

-310.

-320.

-150.

-160.

-170.

-180.

-190.

-200.

-210.

-220.

-230.

-240.

-250.

-260.

-270.

-280.

-290.

-300.

-310.

-320.

900.

950.

1000.

1050.

Track 1

PORO

0. 25.

Porosity > 5.0 %

Gas > 30.0 %

PERM > 20 MD

900.

950.

1000.

1050.

Track 1

PORO

0. 25.

Porosity > 5.0 %

Gas > 30.0 %

PERM > 20 MD

900.

950.

1000.

1050.

Track 1

PORO

0. 25.

Porosity > 5.0 %

Gas > 30.0 %

PERM > 20 MD

900.

950.

1000.

1050.

Track 1

PORO

0. 25.

Porosity > 5.0 %

Gas > 30.0 %

PERM > 20 MD

900.

950.

1000.

1050.

Track 1

PORO

0. 25.

Porosity > 5.0 %

Gas > 30.0 %

PERM > 20 MD

900.

950.

1000.

1050.

Track 1

PORO

0. 25.

Porosity > 5.0 %

Gas > 30.0 %

PERM > 20 MD

TRENTON

-235.

TRENTON

-211.

TRENTON

-199. TRENTON

-202.

TRENTON

-202.

TRENTON

-198.

perftp

-285.

perftp

-253.

perftp

-250.

perftp

-237.

perfb

-305.

perfb

-267.

perfb

-266. perfb

-271.

METC User
Wells nearest to the horizontal well location indicate gas saturation above main porosity.  Interpreted as fracturing in upper part of Trenton Limestone.



METC User
Seismic Cross Section East-West, Showing Anomalous Amplitude in Trenton Limestone



METC User
Seismic Cross Section North-South, Showing Amplitude Anomalies and Structural Anomalies



NIPSCO VSP Experiment

Objective 2:	 Estimate fracture location from winter/summer
	 	 changes in P & S wave attributes

Objective 1:	 Determine fracture orientation from s-wave splitting.
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Results:

 Well log analysis and 3-D geologic mapping indicated fracturing and gas
saturations above Trenton Limestone dolomitized porosity.

 2-D seismic amplitude analysis indicated zones and trends of gas filled porosity
and fractures.

 Preliminary results of VSP P and S wave seismic surveys in offset wells indicated
fracturing in the top of the Trenton Limestone.

 The horizontal well successfully intersected high porosity and gas saturations in
the reservoir west of the main storage reservoir.


